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In a previous publication the writer reported the results of attempts to produce 
a  satisfactory experimental reproduction of clinical diabetes and a  study of its 
nature, which was made to obtain some clue leading to its therapeutic  control3 
This investigation was carried to a point where it was believed, as stated in the 
preface, that  the possession  of the necessary working model of the disease had 
made the cure of diabetes a feasible laboratory problem.  Out of numerous lines 
of therapeutic approach Suggested from the literature, speculation, or experiment, 
two seemed worth following but had to be left unexplored.  One of these con- 
sisted in  attempts  to  stimulate  or strengthen  the  pancreatic function in some 
direct manner, and it is still hoped to proceed in this direction at some later date. 
For certain reasons it was desirable to follow the other path first. 
The phenomenon which suggested this latter research was the  prevention or 
cessation of diabetes with ligation of the pancreatic duct.  2  It was at first  sus- 
pected that  this was due to improvement of the internal pancreatic function, 
through stoppage of the external secretory activity or even through  structural 
changes involving increase of island tissue.  When the work was finished, there 
was leisure for the following  comparison with other observations.  In Dog 558 
diabetes ceased with the onset of distemper and the attendant loss of appetite 
and weight.  In Dog 57, fasting for a week prior to operation seemed to prevent 
the onset of glycosurla.  Likewise peritonitis and other infections often hindered 
the occurrence of glycosuria, though in some instances diabetes appeared as usual, 
notwithstanding the presence of peritonitis.  Several other dogs  4 showed absence 
or cessation of glycosuria in  consequence of illness, fasting,  and loss of weight. 
1  Allen,  F. M., Studies concerning glycosuria and diabetes, Cambridge, 1913. 
Allen, x Chapter XXII. 
s Allen,t  p. 493. 
4 Allen,t pp.  771-772. 
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Also in an animal with fairly severe and advanced diabetes,  ~  glycosuria was twice 
stopped by fasting, and downward progress in consequence of the overfeeding 
during the interval was demonstrated by the lower tolerance for protein at the 
close of the second as compared with the first fast.  There are reports in the lit- 
erature of the apparent  cessation of diabetes with an intercurrent cachectic  dis- 
order,  ~  and also of the benefit of the occasional  therapeutic fast days introduced by 
Bouchardat, Cantani, and Naunyn.  In addition, shortlybefore thebeginning of 
the new research, Joslin emphasized the subsidence of diabetic symptoms in a 
severe case after the onset of tuberculosis  with emaciation.  7  It thus seemed  pos- 
sible that the cessation  of glycosuria from ligation of the pancreatic duct resulted 
from impaired food absorption and undernutrition.  Homans  s confirmed the 
phenomenon itself and demonstrated this as the true explanation by direct ex- 
periments. 
The first opportunity was taken to try reduction of weight and total 
metabolism for the treatment of diabetes.  The first dogs were chosen 
for the longest experiments, as explained in the preceding paper.  (It 
so happened that Dog B2-05  furnished another illustration of the ces- 
sation of glycosuria with distemper.)  The tests consisted  in taking 
dogs,  generally with  much  smaller  pancreas  remnants  than  those 
with which downward progress and death were found on full diets in 
the preceding paper, and determining to what extent active symptoms 
and impairment of assimilation could be prevented  by fasting and 
total dietary restriction.  Many examples are available and are men- 
tioned incidentally in  other papers,  because  the method was  used 
as a  routine for controlling diabetes.  As the longest records are the 
most instructive for the present purpose,  three experiments of I  to 
II years in duration are here summarized as successful cases.  Before 
proceeding to these, brief consideration may be given to the status of 
the so called "hunger glycosuria" in this connection. 
Dog B2-52.--Female; bull-terrier mongrel; brindle; excellent condition; weight 
12.8 kilos.  Apr. 24,  1914.  Removal  of pancreatic tissue  weighing 20.4 gin. 
Remnant about main duct estimated at 3.1 gin. (slightly over t).  Glycosuria 
5  Allen,1 Dog 64, pp. 354-361,480. 
e AUen,t p. 800 ft. 
.~ Benedict, F. G., and Joslin, E. P., Carnegie Inst. Washington, Pub. No. 136, 
1910.  Joslin, E.  P.,  Treatment  of  diabetes  mellitus, Philadelphia  and  New 
York, 2nd edition, 1917, 409. 
s Homans, J.; ]. Med. Research, 1915, xxxiii, 1. FREDERICK M. ALLEN  S77 
was absent till bread and soup were fed on Apr. 30.  It was maintained till May 7 
by the addition of as much glucose as possible, but then ceased largely because of 
the dog's distaste for sugar.  May 12 to 15.  Fasting was imposed.  The feeding 
of bread and soup with 50 to 75 gin. of glucose daffy then caused glycosuria of 
0.7 per cent on the 1st day, but none thereafter, and a second operation was nec- 
essary to make the dog diabetic. 
This  dog is representative  of several tested in  relation  to hunger 
glycosuria,  some of which  were previously mentioned. 9  The  point 
involved is the seeming conflict between the use of fasting and under- 
nutrition  for raising tolerance,  and the experience of Hofmeister and 
others  concerning  the  tendency to  glycosuria created  by starvation 
and  malnutrition.  When  a  dog  on  the  border-line  of  diabetes  re- 
fuses to eat enough to keep up glycosuria and break down tolerance, 
it might seem a promising plan to fast for a number of days and then 
feed bread and glucose, with the double idea that the glycosuric ten- 
deilcy would be increased by the fast, and also that the animal would 
eat more.  Hofmeister's work is confirmed in these dogs much more 
strikingly than in normal dogs, and heavy glycosuria often occurs on 
feeding bread either alone or with sugar.  The same phenomenon has 
frequently been witnessed in  dogs changed  suddenly from  a  protein 
or fat diet  to  a  carbohydrate  diet.  But no matter  how heavy the 
glycosuria, it is transitory just as in Hofmeister's normal  dogs,  and 
it has never been possible to produce diabetes  thus  in  any  animal 
which was non-diabetic on the same diet before the fast.  The phenom- 
enon seems to illustrate  some  state of  unpreparedness  of  the  body 
for the unaccustomed carbohydrate flood, but it  does not represent 
.any true diabetic tendency or any exception to the general rule that 
the pancreatic function is strengthened by fasting. 
Dog Bg-gS.l°--Male; mongrel; tall, rough haired, brown and white; age 3 years; 
moderately well nourished; weight 18.2 kilos.  Dec. 16, 1913.  Removal of pan- 
creatic  tissue weighing 30.1 gm.  Remnant about main duct estimated  at 2.6 
gin. (~,-~h).  The further record is contained in Table I.  Dec. 3, 1914.  In ex- 
eeUent health  and strength;  accidental death. 
Autopsy.--Negative  grossly  and  microscopically.  Pancreas  remnant,  fully 
normal in appearance and consistency, weighed 8.25 gm.  Microscopically, acini 
,normal; islands small and scarce, free from vacuolation. 
AUen,  t pp. 586-587.  Cf. Paper 3, p. 557; also Dog B2-51, p. 578. 
~0 See photograph  at end of Paper 5 (3". Exp. Med., 1920, xxxi, 587). 578  EXPERlq~I-~.BITAL DIABETES.  I 
The animal lived approximately a  year, was most of the time hun- 
gry and  excessively thin,  but vigorous and  Hvely, in contrast  to the 
weakness  of diabetes.  Tolerance was very low at  the outset,  corre- 
sponding  to  the  small  pancreas  remnant;  but  instead  of  downward 
progress  there  was  a  very  great  gain  in  assimilation.  The  clinical 
absence of diabetes was corroborated by the intact state of the islands. 
TABLE  I. 
Dog B2-25. 
Date. 
1913 
Dec. 17 
"  18 
"  19 
"  20 
"  21-26 
To May, 1914 
"  Dec., 1914 
Body 
weight. 
kg. 
18 
Down 
to 11. 
Increase 
to 17. 
Diet. 
Fasting. 
200 gin. of meat. 
Fasting. 
c¢ 
From 30 gm. of lung and 
30 gm. of suet to 120 
gin.  of  lung  and  120 
gm. of suet. 
Pancreas or lung increas- 
ing as described in pre- 
ceding  paper,*  up  to 
1,400 gin. daily. 
Vohu 
c¢ 
1,0~ 
1,5( 
1,7( 
8; 
Urine. 
Glucose. 
~)er cent 
0 
1.0 
0.6 
Faint. 
0 
Traces  of  glycosurla  at 
first on the higher diets; 
later none. 
Glycosuria absent till Nov. 
25-27;  then  4.1  to  8.2 
gin.;  stopped  by a  fast 
day. 
* Allen, F. M., J. Exp. Med., 1920, xxxi,  556. 
Dog Bg-51.--Male;  mongrel; yellow'and white; age 1½ years; moderately well 
nourished;  weight  9.75  kilos.  Mar.  31,  1914.  Removal of  pancreatic tissue 
weighing  20.1  gm.  Remnant  about  main  duct  estimated  at  2.8  gm.(t).  Be- 
ginning Apr. 2, a diet of 200 cc. of milk daily caused glycosuria as high as 2.6 per 
cent, and on Apr. 5 the change to bread and soup diet resulted in glycosuria of 5 
per cent; but this gradually subsided and could only be maintained by the addi- 
tion of 50 gin. of glucose, which was as much as the dog would take on account of 
a decided distaste for sugar.  With increasing indigestion and loss of weight, gly- 
cosuria ceased on Apr. 20. 
Apr. 21.  Body weight 8 kilos; opening the abdomen revealed obvious marked 
hypertrophy of the pancreas remnant, from which 1.5 gin. of tissue were removed. 
Glycosuria was then absent on meat diet.  Apr. 26.  An abrupt change to bread 
and soup produced glycosuria as usual for 1 day; it then remained absent even 
with the addition of 50 gin. of glucose on Apr. 30. ]~RED~.RICK M.  ALLEN  579 
May 1.  An additional  1.8 gin. of pancreatic tissue was removed, the body weight 
being 8.1 kilos.  A slight glycosuria ensued on that day, then was absent on beef 
lung, and after May 7 on bread and soup with 50 gin. of glucose.  The emaciated 
and cachectic condition was a sufficient explanation; when the ful! diet was forced 
it was probably largely lost through diarrhea, and on May 12 the weight was down 
to 6.4 kilos.  Accordingly meat diet ad libitunt  was then resumed, with gradual 
TABLE  II. 
Dog  BZ-51. 
Date.  Body weight.  Diet.  Gly.co-  $urla. 
1914 
July  1-9 
"  10-22 
"  23-30 
,t  31-Aug. 9 
Aug. 10-14 
"  15-19 
"  20-26 
"  27-Oct. 6 
Oct.  7-15 
"  16-Nov. 5 
Nov.  6-Dee. 1 
Dec.  2-13 
"  14--21 
"  22-Jan. 3, 
1915 
1915 
Jan.  4-Feb. 17 
Feb.  18-Mar. 1 
Mar.  2-18 
'¢  19 
"  20 
"  21 
"  22 
"  23 
kg. 
8.7-7.6 
7.6-7.0 
6.9-6.'75 
6.7-6.6 
6.6-6.5 
6.5-6.7 
6.8-6.,5 
6.6-7.2 
7.2 
7.2-6.8 
6.9-7.2 
7.2 
7.2-6.6 
6.5 
6.6-8.0 
8.0-8.1 
8.2-8.9 
8.8 
8.8 
8.6 
8.4 
8.4 
100 gin. of lung. 
250  "  "  " 
300  "  "  " 
325  "  "  " 
100  "  "  "  100 gra. of suet. 
100  "  "  "  100  "  "  " 
100  "  "  "  75  "  "  " 
100  "  "  "  50  "  "  " 
100  "  "  "  30  "  "  " 
100  "  "  "  30  "  "  "  50gin. of lard. 
150  "  "  "  30  "  "  " 
150  "  "  " 
150  "  "  "  50  "  "lard. 
150  "  "  "  100  " 
200  "  "  "  50  " 
150  "  "  "  100  " 
400  ~  ~  ~ 
Fasting. 
100 gin. of lung.  , 
100  "  "  " 
peg cent 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
Trace. 
0.16 
0.36 
0.25 
0 
gain in weight and health.  By June 24, the weight had risen to 9.3 kilos.  GlY- 
cosuria, which had remained absent before, suddenly appeared and continued for 
5 days, the highest percentage being 1.2.  It was stolSped by 2 fast days; the diet 
and progress after these fast da~s are shown in Table II.  Mar. 26,  1915.  Acci- 
dental death. 
Autopsy.--The  pancreas  remnant,  normal  in  appearance  and  consistency, 
weighed 2.75 gm.  Islands were rather few and small, but within normal limits. 580  EXPER~fr.NTAL  DIABETES.  I 
Occasional cells in  them  showed slight  vacuolation.  Liver moderately fatty. 
Otherwise autopsy negative, including microscopic examination of thyroid, liver, 
kidneys, adrenals, and hypophysis. 
Pancreatic tissue removed by operation Apr. 21, 1914, normal except for slight 
vacuolation in occasional island cells.  Pancreatic tissue removed May 1, 1914, 
normal except for slight inflammatory reaction in places; no vacuolation in islands. 
It is probable  that the dog might have been made diabetic after 
the first operation if the sugar feeding could have been forced as in 
some other  animals.  This  is  suggested by  the  glycosuria and  the 
anatomic evidence of overtaxed function in the island cells; but at the 
same time hypertrophy of the remnant and fall of body weight had 
the opposite influence, and repugnance to carbohydrate, indigestion, 
and diarrhea closed the attempt.  Prior to the second operation, gly- 
cosuria was absent, and correspondingly the islands showed no vacuo- 
lation.  Shortly preceding death there was slight glycosuria on pro- 
tein diet, and this was paralleled as usual by slight hydropic changes in 
the islands.  This experiment is one illustration that neither the size 
of the pancreas remnant, inflammatory changes, the length of time 
since a  preceding operation, nor the character of the diet (carbohy- 
drate or protein) govern this change in the islands, but only the pres- 
ence or absence of active diabetes. 
The record from May 1 to July 1,  1914, illustrates absence of dia- 
betes in an animal in an emaciated condition on pure protein diet, 
and the loss of tolerance and outbreak of active symptoms when weight 
was gained on this diet. 
The subsequent record shows the absence of diabetes on a restricted 
protein-fat diet, frequently adjusted in minor details to suit the dog's 
appetite and digestion, but so planned as to keep the body weight gen- 
erally  low.  The  animal  was  lively  and  fairly  strong  meanwhile. 
There was no  tendency to  real  recovery, for when the weight was 
allowed to rise at the end, it was found that 400 gm. of lung sufficed 
to  cause  slight  glycosuria.  The  slight  vacuolation  found  in  the 
islands  resulted  from  such  periods  of  overfeeding.  The  principal 
point of the experiment was the ability to keep a  thin animal  with 
diabetes of this degree of severity free from symptoms, without evi- 
dence of downward progress or indications that  the condition could 
not have been Continued indefinitely. FREDERICK  M. ALLEN  581 
Dog D4-28.--Male; mongrel; yellow and white; age  2  years;  good condition; 
weight  12 kilos.  Sept. 28,  1916.  Removal of pancreatic  tissue  weighing  25.3 
gin.  Remnant about main duct estimated at 2.3 gin. (~).  As this dog had been 
born and raised on the Institute farm and was known to have lived all his life on 
bread and cereals, after operation advantage was taken of the opportunity to test 
the effects of fasting and fat diets, as will be described in a subsequent paper on 
acidosis.  Neither glycosuria nor acidosis occurred, and the plasma sugar on Oct. 
2 was 0.128 per cent, on Oct. 3, 0.092 per cent, and on Oct. 5, 0.101  per cent. 
After Oct. 5 the dog was kept on rather low protein-fat diets, maintaining a body 
weight of 10.5 to 10.2 kilos. 
Oct. 29.  A pan of bread and soup was fed, causing the excretion of 2.39 per 
cent sugar in 663 cc. of urine. 
TABLE  III. 
Dog D4-28. 
Date. 
1917 
Jan. 28 
"  29 
"  30 
"  31 
Feb.  1 
"  3 
Urine. 
Total nitrogen.  Ammonia  nitrogen. 
gm.  gm. 
2.14  0.08 
3.73  0.19 
1.34  0.11 
2.33  0.11 
1.55  0.10 
2.98  0.30 
2.62  0.27 
Remarks. 
TotM nitrogen in the feces for the period 4.46 
gin. 
Oct. 30.  A diet was fed of 200 gin. of beef lung, 200 gin. of suet, and 75 gin. 
of bread,  without  glycosuria.  The  plasma sugar before feeding was 0.184 per 
cent.  Taken at 2 hour intervals for 12 hours after feeding it was  0.184,  0.200, 
0.222, 0.213, 0.184, and 0.172  per cent.  The following morning before feeding it 
was 0.179 per cent. 
Nov. 2.  The diet was 200 gin. of lung, 150 gin. of lard, and 100 gm. of bread. 
The plasma sugar before feeding was 0.143  per cent.  Taken at 2 hour intervals 
for 12 hours thereafter it was 0.166, 0.180, 0.200, 0.208, 0.182, and 0.182 per cent, 
without glycosuria. 
Nov. 3, 10 a.m.  Plasma sugar 0.148 per cent. The dog was then fed only 
200 gin.  of  lung.  5 p.m.  Plasma sugar 0.143  per cent. 
Beginning  Nov.  4,  on  a diet  of  200  gm.  of  lung  and 100  gin.  of  suet,  the  dog  grad- 
uaUy gained  weight  up to 11.3  kilos  on Dec. 4.  On that  day faint  glycosuria  ap- 
peared,  and was absent the  next day.  On Dec. 6 there  wasexcretion of  0.74  per 
cent glucose  in 124 cc.  of  urine,  on Dec. 7,  0.59  per cent in 136  cc.  of urine,  and 582  EXPEI~  IMENTAL  DIABETES.  I 
on Dec. 8, 1.81 percent in 396 cc. of urine, with a trace of acetone.  With 1 day 
of fasting there were only traces of sugar and acetone, and a 2nd fast day cleared 
up both.  Then the feeding of 100 gm. of suet failed to bring back either sugar or 
acetone.  These remained absent thereafter on a diet of 100 grn. of lung and such 
TABLE  IV. 
Dog  D4-28. 
Date. 
1917 
Apr.  10 
"  11 
"  12 
"  13 
"  14 
"  15 
"  16 
"  17 
"  18 
"  19 
Urine. 
Total nitrogen,  Ammonia 
nitrogen. 
gm.  gm. 
1.69  0.10 
1.88  0.27 
1.24  0.10 
2.40  0.19 
2.46  0.25 
1.60  0.16 
1.28  0.12 
3.32  0.28 
1.97  0.20 
2.08  0.22 
Remarks. 
Total nitrogen  in  the  feces for  the  period 
1.69 gin. 
TABLE  V. 
Dog  D4--28. 
Date.  Urine.  Date.  ,Urine, 
Total nitrogen.  Total nitrogen. 
1917 
Oct.  5 
"  6 
"  7 
"  8 
"  9 
"  10 
"  11 
"  12 
gm. 
1.12 
1.64 
2.04 
1.78 
1.74 
2.36 
2.18 
1917 
Oct. 13 
"  14 
"  15 
"  16 
"  17 
"  18 
"  19 
"  20 
gm. 
2.18 
2.06 
1.82 
1.60 
1.96 
3.24 
2.52 
small quantities of suet as the dog chose to eat.  Dec. 27.  Plasma sugar 0.084 
per  cent,  with  hemoglobin  (Fleischl-Miescher)  114  per  cent.  Jan.  18,  1917. 
Plasma sugar 0.083  per cent, with hemoglobin 111 per cent.  The weight during 
this time up'to Jan. 27 ranged from 10.4 to 11 kilos. 
Jan. 27 to Feb. 3.  A metabolism experiment was conducted on a  diet of 100 
gm. of lung and  100 gin. of suet.  The dog was catheterized on these two dates, FREDERICK  M.  ALLEN  583 
but in the interim passed urine spontaneously and regularly.  Feces were com- 
bined and analyzed in one lot for  the  entire  period.  The results are given in 
Table III. 
Beginning Mar. 10, at a body weight of 10.4 kilos, the above diet was increased 
by 25 gin. of bread.  Mter Mar. 13, this was changed to 50 gin. of lung, 50 gin. 
of bread, and I00 gin. of suet.  Apr. 10 to 19.  Urinalyses were performed on the 
latter diet (Table IV). 
The body weight gradually rose from 10 kilos on Mar. 20 to 10.8 kilos on June 
30.  June 15.  The plasma sugar before feeding was 0.081 percent;4 hours after 
feeding, 0.161  per cent.  Suet was then omitted; this made the diet only 50 gm. 
of lung and 50 gin. of bread.  The weight was thus reduced by July 17  to 9.75 
kilos.  After that, 50 gm. of suet were resumed, but were omitted at times as the 
dog tired of it, so that the body weight was kept between 9.2 and 10 kilos.  Oct. 
5 to 20.  A series of urinalyses, omitting feces, was performed on the usual diet 
of 50 gin. of lung, 50 gin. of bread, and 50 grn. of suet (Table V). 
Nov.  26.  The above diet was fed about noon.  3 p.m.  Plasma sugar 0.118 
per cent.  Beginning Nov. 27, bread alone was fed, in increasing quantities, from 
150 gm. on the 1st day to 300 gin. on Nov. 30, without giycosurla. 
Dec. 1, 12.30 p.m.  The dog was fed 300 gm. of bread with 100 gin. of glucose, 
without glycosurla.  The plasma sugar before feeding was 0.13 per cent, and at 
4 p.m., 0.216 per cent.  Dec. 2.  Diet the same.  Dec. 3.  The glucose was in- 
creased to  150  gin.,  still without  giycosuria.  Dec.  4.  Plain bread and  soup 
mixture was fed.  Dec. 5 to 7.  200 gra. of glucose were added daily, with giyco- 
suria never above 0.61 per cent.  Dec. 8.  The plasma sugar was 0.161  per cent, 
and the diet was changed to lung ad llbitum.  The body weight at this time was 
9  kilos. 
Beginning Dec. 14, 100 gin. of suet were added, and on 2 days, riz. Dec. 14 and 
26, a pan of bread and soup was allowed in addition, without  glycosurla.  The 
weight thus rose to 10.8 kilos. 
A  test with carbohydrate was  then  performed, in comparison with the one a 
month previous at a  lower weight.  Glycosurla was absent'on bread diet,  On 
Jan. 3, 1918, when 300 gin. of bread with 100 grn. of glucose were fed to compare 
with Dec. 1, the plasma sugar before feeding was 0.154 per cent and at 4 p.m., 
0.452 per cent, with excretion of 3.8 per cent" sugar in 700 cc. of urine for the 24 
hours. 
Jan. 4.  Glycosuria ceased on a  diet of 300 gin. of lung and 100 gin. of suet. 
Jan.  5.  On feeding plain bread and soup there was excretion of 3.45 per cent 
sugar in 415 cc. of urine. 
Thereafter the diet of 50 gin. of lung, 50 gin. of suet, and 50 gm. of bread was 
resumed.  A gradual fall in weight ensued, to 9.75 kilos on Jan. 28, 8.75 kilos on 
Feb. 21,  8.3 kilos on Mar.  ll, and 7.4 kilos on June  ll.  Glycosuria was con- 
stantly absent, and up to June 8 the dog maintained the utmost activity.  The 
urine, as collected under the cage, then became increasingly bloody.  The cause 584  EXPERIMENTAL DIABa~TES.  I 
was supposed to be bloody diarrhea, due to deficient diet, as described by Rosen- 
helm.  The diet was therefore enriched with an abtmdance of fresh meat, bones, 
milk, eggs, and yeast, to supply any missing elements.  Nevertheless, the condi- 
tion became worse.  June 12.  The animal was found dying and was killed for 
autopsy.  The plasma sugar of the heart's blood was 0.159 per cent, the carbon 
dioxide capacity 32.8 volumes per cent, without acetone or other evidence of acid- 
osis. 
Autopsy.--The cause of death was found to be urinary obstruction from a 
large calculus  impacted in the urethra near the bladder, with several  smaller 
stones  lodged behind it.  More or less  urine had been passing up  to the day of 
death,  but the bladder and both ureters  and kidneys were distended with bloody 
urine,  which had also  infiltrated  extensively  about the neck of the bladder. The 
intestine  was normal throughout and there  was no blood  in  its  contents  anywhere. 
The other viscera  were negative.  The pancreas remnant, normal in appearance 
and consistency,  weighed 3.5  gin. 
Microscopic  Examination.--The  kidneys  were  inflamed  and  infiltrated  with 
mononuclear cells  chiefly  in  the  cortex and polymorphonuclears chiefly  in  the 
medulla.  The Armanni or Ehrlich vacuolation was also evident in some tubules. 
The liver was normal and its cells contained no visible fat.  The pancreas rem- 
nant was entirely normal and free from fibrosis.  The acini were regular and well 
filled  with zymogen, and the islands normal in number and size  and free from 
vacuolation.  The other organs were normal. 
As the  experiment was a-long  one,  the  opportunity  was  taken  to 
use it for  several purposes simultaneously.  Aside from the  acidosis 
observations  mentioned,  the  following  points  were  included.  As 
low protein diets,  sometimes in  conjunction with undernutrition,  are 
an  occasional  feature  of diabetic  treatment,  it  was  desirable  to  test 
the  feasibility of such  a  program  in  the  dog.  This  was  especially 
desirable  in  regard  to  any possible  doubts  still  persisting  from  the 
work of Munk, n  Rosenheim, 1~ and Zuntz and Magnus-Levy, '~ though 
it seems generally accepted that the difficulties reported by these in- 
vestigators were due not  to  protein  deficiency  but  to  other unsuit- 
able features in  the  diets used.  One  of these features is  considered 
to be the use of meat powder in Munk's 10 week experiment.  Rosen- 
helm noticed decline of appetite and digestion within 8 weeks, perhaps 
n  Munk, I., Arch. Physiol.,  1891, 338; abstracted  in Jahresb.  Fortschr.  Thier- 
Chem., 1892, xxi, 365. 
ts Rosenheim, T., Arch. Physiol.,  1891, 341;  abstracted in Jahresb.  Fortschr. 
Thier-Chem.,  1892, xxi, 365. 
is Zuntz. N., and Magnus-Levy, A., Arch. ges. Physiol.,  1891, xlix, 438. YREDERICK  M.  ALLEN  585 
due to the rice used, and then obtained a fatal result by changing to 
an excessive fat ration.  The dog described above (No. D4-28) had pre- 
sumably some tendency to impaired digestion created by the removal 
of ~½ of the pancreas, yet suffered none of the disturbances described 
by these authors.  A  little bone-meal daily prevented diarrhea and 
presumably  contributed  some  mineral  salts.  From  March  14  to 
November 27,  1917, the dog remained in excellent health and spirits 
on 50 gin. of beef lung (cooked), 50 gm. of bread, and 50 to 100 gm. of 
raw beef suet.  Weight was gained whenever the calories were sufficient 
and was lost in normal manner whenever the dog tired of too much 
suet.  After January 6,  1918, there was a  gradual and regular loss 
of weight up to June, on the undernutrition diet of 50 gm. of lung, 50 
gin. of bread, and 50 gin. of suet.'  During these long periods there 
was no sign of any specific disorder due to the reduction of urinary 
nitrogen to approximately 2 gin. daily. 
During this same time, the animal served as a  control for other 
dogs on high fat diets, as will be described in a later paper. 
The influence of body weight upon assimilation was twice observed; 
namely, the absence of glycosuria on 200 gm. of lung, with fat and 
sometimes 75 or 100 gin. of bread up to November 4, 1916, at weights 
below 10.5 kilos,  and the occurrence of glycosuria a month later on 
200 gin. of lung and 100 gin. of suet at a weight of 11.3 kilos; likewise 
the lower tolerance of early January, 1918, at a weight of 10.8 kilos, 
as compared with a  month preceding at a  weight of 9 kilos.  The 
weight was finally allowed to fall very low, with a  view to demon- 
strating a  still  higher tolerance, and then ultimately bringing back 
diabetes by fattening; .but this plan could not be carried out because 
of the accidental death. 
This dog was characterized throughout by oliguria and high renal 
thresholds for sugar.  There is a question of the possible existence and 
injury of renal calculi from the outset, but the appearance of the kid- 
neys did not suggest a  very long standing trouble.  Similar peculi- 
arities of function have been observed in other dogs under similar 
conditions, and the conclusions  regarding diabetes are supported by 
blood as well as urine analyses. 
The experiment also served as a test of the specific influence of pre- 
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betes.  An animal was chosen with potentially severe diabetes, pro- 
duced by removal of ~½ of the pancreas and  demonstrated  by  the 
occurrence of glycosuria on December 4 to 8,  1916, on a diet of only 
200 gm. of lung and 100 gin. of suet, when the body weight had, as 
stated, been built up to a  level which was still subnormal.  Under 
these conditions the dog was undernourished by means of a  mixed 
diet  containing an  appreciable  quantity  of  carbohydrate,  and  the 
experiment was continued long enough to test whether carbohydrate 
would prove itself  a  specific poison to  the islands  of Langerhans. 
The actual result was a marked gain in tolerance.  This is best seen 
by comparison of the above mentioned glycosuria in December,1916, 
on 200 gin. of lung and 100 gin. of suet at a weight of 11.3 kilos, with 
the tests a year later when 300 gin. of bread could be taken without 
glycosuria at a weight of 10.8 kilos, and when the glycosuria which 
was produced by the addition of glucose cleared up (January 4, 1918) 
on 300 gin. of lung and 100 gin. of suet.  It may be concluded that 
the tolerance created by undernutrition was  genuine,  and  that  the 
feeding of carbohydrate within the limits of  this  tolerance  did  not 
damage the assimilation or the islands of Langerhans. 
Apart from the above details,  the main point of the experiment 
was to determine whether downward progress is inevitable in an ani- 
mal with potentially severe diabetes,  so  that  symptoms must ulti- 
mately occur in spite of dietary restriction.  This dog was kept for 
approximately 1~ years.  Besides the gain in  tolerance during this 
time, the intact state of the islands furnished additional evidence that 
no injurious change was in progress, and the indications are that the 
same condition of health could have been maintained indefinitely. 